1. Introduction
===============

A pressure ulcer is the result of applying too much pressure on capillaries (32 mm/Hg) over a prolonged period. Risk factors of pressure ulcer are of two types of extrinsic and intrinsic. Intrinsic risk factors include immobility, malnutrition, urinary and fecal incontinence, poor blood flow, low blood pressure and aging. Extrinsic factors are humidity, friction, pressure and skin thickness reduction ([@b1-epj-10-6140]). The two factors of immobility and malnutrition are more discussed in ICU patients, and those with cerebrospinal injury, coma, brain vascular events and paralyzed limbs are at higher risk of pressure ulcer. In patients with immobility or poor mobility, urinary or fecal incontinence also increases the risk of this problem ([@b2-epj-10-6140]). In an Uzun et al. study in Turkey (2009), the prevalence of pressure ulcer in the ICU patients of a selected medical center was reported to be 37% ([@b3-epj-10-6140]). According to the previous studies, 90% of pressure ulcers have been reported in inferior parts of the body, and of them, 65% had been in the pelvic and surrounding areas and 30% in the lower limbs. In ICU, the rate of pressure ulcer has been 36% in the sacrum, 30% in the heel and 6% in the ankle. These studies show that applying too much pressure on skin during long-term bed rest without any position changing is the most important cause of pressure ulcer in immobile patients with cerebrospinal injury. These pressure ulcers increase the length of hospitalization and disease complications and consequently, impose extra costs on both patients and health services. Annual cost of pressure ulcer has been estimated to be 836 million dollars in the USA ([@b4-epj-10-6140]). Hunter et al. have reported mortality rate of 7--8% in their study patients due to the complications of pressure ulcer ([@b5-epj-10-6140]). In spite of all progresses in treatment and prevention of pressure ulcer, the number of patients with this complication has been increasing, and although various methods such as skin hygiene, sufficient nutrition, frequent change of patient position, avoiding skin damage, different wound dressings, application of honey, using electric voltages such as laser therapy, high O~2~ pressure and traditional wound dressings are widely used today, still a great number of patients suffer from pressure ulcer ([@b6-epj-10-6140]). According to Persian medicine literature, mummy is a mineral which is effective in healing pressure ulcer ([@b7-epj-10-6140]). Mummy is a Greek term meaning "corpse protector" (hafeze jasad) that is called Mummy in Iran, Shilajit in India and Aragh-ol-jebal in Arabic countries. Mummy is one of the old medicines in Iran and is a black or brown semi-solid substance produced as a result of oxidation of oil hydrocarbons in the fissures of high mountains ([@b8-epj-10-6140]). It is composed of 52 substances including Oxygen, Nitrogen, Sulfur and hydrocarbon. It melts at 100ºC and its specific gravity is 1.2. After dissolving it in oil, a soft substance is produced that was rubbed on damaged parts of skin in the past ([@b9-epj-10-6140]). Mummy (shilajit) has been used for the treatment of various diseases over the years. There are several studies about the effects and properties of mummy (shilajit) among new studies. Goel et al. (1990) have conducted a study on anti-ulcerogenic and anti-inflammatory effects of Shilajit and showed that oral administration of 100 mg/kg shilajit twice a day decreases gastric ulcer index and increases carbohydrate to protein ratio ([@b10-epj-10-6140]). In an Acharya et al. study (1998), analgesic effect of Shilajit (200mg) has been reported. Moreover, administration of 50--200 mg shilajit twice a day caused significant dose-dependent decrease of peptic ulcer in laboratory mice ([@b11-epj-10-6140]). Rezvanipour et al. have conducted a study on mice and concluded that mummy increases tensile strength of wound ulcers, which can be due to probable beneficial effects of mummy in collagen production and release ([@b12-epj-10-6140]). Despite our comprehensive literature review, we could not find any clinical trial about the effect of mummy on pressure ulcers. Therefore, the present study was performed with the aim of determining the effect of mummy on healing of pressure ulcers in male patients who had been hospitalized in the Intensive Care Unit due to cerebrospinal injuries.

2. Material and Methods
=======================

2.1. Study design
-----------------

This randomized controlled clinical trial had two parallel arms. It was performed on 75 patients in the intensive care unit (ICU) of Shahid Bahonar Hospital of Kerman, Iran with grade II and III of pressure ulcer. According to similar studies, with respect to the average of the first group (0.79) and the second group (0.9) and the standard deviations of 0.1 and 0.2 and by using sample size formula to compare averages of the two groups, the sample size was calculated to be 30 patients in each group.

2.2. Ethical considerations
---------------------------

First, the study details were explained for all patients, and informed written consent was obtained from them before enrollment. All patients were uninformed. In addition, the research protocol was approved in the Medical Ethics Committee of Kerman University of Medical Sciences and the trial protocol was submitted to the Iranian Registry of Clinical Trials (IRCT2014042917494N1) (29/04/2014).

2.3. Inclusion and exclusion criteria
-------------------------------------

Patients over 18 years old with confirmed diagnosis of grade II and III bedsore were included if they had a single ulcer with a diameter less than 15 cm in its widest part, and given informed written consent for participation in the study. Patients were excluded if they had any type of pathology based on which judgment about the process of wound healing can be a confounding factor (neoplasia, immunologic disorders), renal dysfunction, diabetes, hypertension and infected wound. Therefore, all patients were unconscious and had fecal incontinence. They had been hospitalized in ICU for at least one month, and all of them had been transferred to the ICU from the emergency department, ward or operating room. Patients were under mechanical ventilator and received sedative drugs in order to tolerate the instrument.

2.4. Preparation of Persian Medicine product
--------------------------------------------

The high quality mummy (lacking any type of waste materials and sand) gathered from the rocks of Khabar Mountain in Baft, Kerman, Iran by professional rock climbers, was purchased, and its quality was confirmed by knowledgeable local residents and pharmaceutical experts. Its saturated solution (20 gr Mummy in 100 ml water) was prepared and sterilized at 115--180 ºC, under 0.7 bar pressure for 30 minutes ([@b13-epj-10-6140]). Then it was kept in clean closed dishes until use. After removing it from the dishes, the excess amount was disposed of.

2.5. Sample size and randomized allocation of patients
------------------------------------------------------

The following formula was used in the present study: n=2(Z~α/2~ + Z~β~)^2^σ^2^(1=(m-1)ρ)/md^2^, where α=0.05, 1-β=0.8, m=2 (the number of measurements for each subject), ρ=0.05 (process correlation), d=2 (least significant difference to be detected for recovery of the ulcer) and σ=4.5 (process variance) were considered. Sample size for each group was determined as at least 35 patients. A total number of 75 patients in ICU were selected through randomized block allocation (with block sizes of 6 and separate drawing for each patient). Each patient was randomly allocated to one of the two groups of routine wound dressing (control group) or routine wound dressing + mummy (intervention group). Eight of the patients in the intervention group were not followed (four had died, four had systemic infection) seven of them in the control group were excluded from the study, (three had died four had systemic infection). Therefore 30 patients in each group, were able to finish the study. [Figure 1](#f1-epj-10-6140){ref-type="fig"} shows the flowchart of the study ([Figure 1](#f1-epj-10-6140){ref-type="fig"}). This study is not double blind. Patients were randomly divided into two groups. Members of the control group were treated with normal saline and routine wound dressing. While in the intervention group, in addition to normal saline and routine wound dressing, 20% (the saturated percent) mummy dissolution was used as well. Wound dressing was performed every morning by the same trained nurse. In the present study, 20% dissolution was used since according to the experiments, after dissolving 20g mummy in 100ml serum, the solution will be saturated.

2.6. Measurement tool
---------------------

On days 0, 7, 14, 21 and 28 of the treatment, the process of ulcer healing was evaluated in the two groups according to Pressure Ulcer Scale for Healing (PUSH), version 3 ([@b14-epj-10-6140]). Its total score was calculated as the sum of three sub-scores (i.e. wound surface area, exudate amount and tissue type) as shown in [Table 1](#t1-epj-10-6140){ref-type="table"}. The wound surface area is calculated by multiplying the wound length (its longest section from top to bottom) by the wound width (its widest section from right to left). The amount of exudate was recorded after removing the previous dressing and before new therapeutic intervention. Therefore, PUSH Total Score ranges were between 0 (completely healed wound) and 17 (the most severely unimproved wound). A physician who was uninformed about the patients was elected to evaluate pressure ulcer every day at 9:00 AM.

2.7. Statistical analysis
-------------------------

In order to study the effect of intervention over time, two-way repeated measurements of ANOVA were used. T-test, Cox Regression and Chi-square tests were also used through SPSS21 software. P-value \<0.05 was considered as statistically significant.

3. Results
==========

All patients were male and there was no significant difference in mean age between the intervention group (49.7±22.1 years) and the control group (41.4±21.5 years). The highest frequency of primary diagnosis was subdural hemorrhage SDH (15%), followed by brain tumor BT (11.6%). Among causes of referring, accident (61.7%) had the highest frequency.

3.1. Outcome 1 (Ulcer surface area)
-----------------------------------

Mean ulcer surface area was 4±1.25 cm^2^ in the intervention group and 5.1±1.29 cm^2^ in the control group on day 0 (p\<0.05). Therefore, this variable was considered as the confounding variable. In order to investigate the effect of time and comparing the groups, frequent measurement analysis of variance was used. According to [Figure 2](#f2-epj-10-6140){ref-type="fig"}, the mean ulcer surface area decreased on days 0, 7, 14, 21 and 28 with the time, but it was more prominent in the intervention group (p\<0.05). Mean ulcer surface area decreased from 4 to 0.53 in the intervention group and from 5.1 to 3.46 in the control group ([Figure 2](#f2-epj-10-6140){ref-type="fig"}). In order to determine the effect of time and compare the two groups, analysis of the variance of repeated data was used. The groups showed significant difference in ulcer surface area on days 7, 14, 21 and 28 (p\<0.01). In the intervention group, significant difference of ulcer surface area was observed during the experiment (p\<0.001), but in the control group, there was a difference only on day 28 of the experiment (p\<0.01) ([Table 2](#t2-epj-10-6140){ref-type="table"}).

3.2. Outcome 2 (Exudate amount)
-------------------------------

The two groups showed significant difference in the variable of exudate amount as on day 0 of the study, the average exudate was observed to be 1.46±0.5 in the intervention group and 2±0.78 in the control group (p\<0.05). Therefore, this variable was considered as the confounding variable. In order to investigate the effect of time and comparing the groups, frequent measurement analysis of variance was used. According to [Figure 3](#f3-epj-10-6140){ref-type="fig"}, the mean exudate decreased on days 0, 7, 14, 21 and 28 with the time, but it was more prominent in the intervention group (p\<0.05). Mean exudate amount decreased from 1.46 to 0.26 in the intervention group and from 2 to 1.06 in the control group ([Figure 3](#f3-epj-10-6140){ref-type="fig"}). In the intervention group, only days 21 and 28 had non-significant difference in regard to the amount of exudate, while the differences of all other days were significant. But in the control group, only day 28 showed significant difference with the others. [Table 2](#t2-epj-10-6140){ref-type="table"} shows descriptive data. Two groups had significant difference in terms of the exudate amount on days 7, 14, 21 and 28 (p\<0.05).

3.3. Outcome 3 (Tissue type)
----------------------------

The two groups showed significant difference in the variable of tissue type on day 0. The average tissue type was 1.8±0.66 in the intervention group and 2.23±0.63 in the control group (p\<0.05). Therefore, this variable was considered as the confounding variable. In order to investigate the effect of time and comparing the groups, frequent measurement analysis of variance was used. According to [Figure 4](#f4-epj-10-6140){ref-type="fig"}, the mean tissue type decreased on days 0, 7, 14, 21 and 28 with the time, but it was more prominent in the intervention group (p\<0.05). The average tissue type decreased from 1.36 to 0.23 in the intervention group, and from 2.13 to 1.26 in the control group. In the intervention group, the average tissue type decreased during the time, but in the control group, there was no change from day 7 to day 14 and the decrease was observed only after this period of time. In the intervention group, the differences of days 7, 14 and 21 varied a lot in terms of the average tissue type, and that showed continuous decrease during the time. In the intervention group, only the difference of days 21 and 28 were not significant. In the control group, day 28 showed significant difference with all other days and day 14 had significant difference with day 21 in regard to the type of tissue ([Table 2](#t2-epj-10-6140){ref-type="table"}).

3.4. Outcome 4 (The total mean)
-------------------------------

The groups showed significant difference in terms of total mean of the three variables (ulcer surface area, tissue type and exudate amount). On day 0 of the study, the total mean was 7.26±1.89 in the intervention group and 9.33±2.12 in the control group (p\<0.05). Therefore, this variable was considered as the confounding variable. In order to investigate the effect of time and comparing the groups, frequent measurement analysis of variance was used. According to [Figure 5](#f5-epj-10-6140){ref-type="fig"}, the total mean of variables decreased on days 0, 7, 14, 21 and 28 with the time, but it was more prominent in the intervention group (p\<0.05). The total mean decreased from 5.9 to 1.03 in the intervention group, and from 9.06 to 5.8 in the control group. In regard to the total mean of the intervention group, all days had significant differences with each other that showed continuous change during the time. However, in the control group, there was a significant difference only between day 28 and the other days and day 14 with day 21. The groups showed significant differences with each other among all days of the study (p\<0.05) ([Table 2](#t2-epj-10-6140){ref-type="table"}). Comparison of time of recovery in the groups showed the average recovery time of 27.53 days in the control group and 21.93 days in the intervention group. This shows significant longer recovery time in the control group. The groups were compared in terms of the number of recovered patients. The percentage of unrecovered patients in the control group (76.7%) is significantly more than that of the intervention group (16.7%). Comparison of recovery time in the groups showed that the average recovery time of the control group (27.53 days) is significantly more than that of the intervention group (21.93 days). Cox regression was used to compare the rate of healing of the groups. Time of healing completion was evaluated in relation to the three variables (ulcer surface area, exudate amount and tissue type). The variable of status was considered to be 0 or 1. Status value of 0 meant recovery of the patient. According to the results, the probability of sickness continuation in the intervention group was 56% lower, while this rate was 2.3 times more in the control group.

4. Discussion
=============

Although the average of all studied variables (ulcer size, exudate amount and tissue type (decreased in both groups during the time, this reduction was more significant in the intervention group than the control group. This observation shows that mummy accompanied with routine wound dressing was significantly effective in the treatment of bedsore. Tavakoli et al. performed a study on three groups of male rats. They applied mummy dissolution and phenytoin cream 10% to each one in isolation and in combination with the animals' wounds, and found that mummy accelerates wound healing and its effect is comparable with phenytoin 10% ([@b15-epj-10-6140]). Moreover, they reported that mummy has an inhibitory effect on pseudomonas growth ([@b15-epj-10-6140]). Rezvanipour et al. (2007) performed an experimental study on 56 experimental mice and compared the intervention and control groups in regard to the average of required stretch for tearing a healed ulcer and the results showed significant effect of mummy in the process of ulcer healing. In the mentioned study, the average recovery time in the intervention group (21.93 days) was significantly lower than that of the control group (27.53 days) ([@b16-epj-10-6140]). In an Azimian et al. study (2009), the effect of high pressure O2 on healing of pressure ulcer was 32% in the control group and 2% in the intervention group ([@b17-epj-10-6140]). In an Azarbarg et al. study, high pressure O2 caused complete ulcer healing in 75% of patients ([@b18-epj-10-6140]). In a study by Azari et al. (2011), study on five healthy white rabbits showed beneficial effects of mummy on healing of skin ulcers ([@b19-epj-10-6140]). Dehghani et al. (2011) studied 138 patients in two groups and showed the effect of mummy on healing of tibia fracture ([@b20-epj-10-6140]). Fatemi et al. compared three therapeutic methods of nursing cares which were wet wound dressing, simple wound dressing laser and simple wound dressing ultrasound on 22 homogenous patients with pressure ulcers, and concluded that wet dressing was more effective than the two other methods ([@b21-epj-10-6140]). Investigations about mummy (shilajit) show its various properties, including antioxidant ([@b22-epj-10-6140]), anti-allergic, immunomodulatory ([@b23-epj-10-6140]), anti-inflammatory ([@b24-epj-10-6140]) and analgesic ([@b25-epj-10-6140]). The present study is the first human study on pressure ulcers, and its results confirm the results of animal studies on mummy. The small number of patients and choosing only male patients were among limitations of the present study. Moreover, mummy was used in the form of topical dressing. Similar studies with larger sample size and using mummy ointment (e.g. mummy in sesame-based oil) or oral mummy are suggested.

5. Conclusions
==============

In the present study, both groups showed a decreasing trend in terms of the average ulcer size, exudate amount and tissue type during the time, but the rate of this decrease was more in the intervention group. This finding shows that routine wound dressing accompanied with mummy has a significant beneficial effect in healing of bedsores.
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###### 

Protocol of Pressure Ulcer Scale for Healing tool, version 3 (PUSH Tool 3)

  ---------------- ------------------- -------------------- ------------------ ----------------- ---------------- ----------- -------------
  Length × Width   0                   1                    2                  3                 4                5           
  0 cm^2^          \< 0.3 cm^2^        0.3--0.6 cm^2^       0.7--1.0 cm^2^     1.1--2.0 cm^2^    2.1--3.0 cm^2^               
  6                7                   8                    9                  10                                 Sub-score   
  3.1--4.0 cm^2^   4.1--8.0 cm^2^      8.1--12.0 cm^2^      12.1--24.0 cm^2^   \> 24.0 cm^2^                                  
  Exudate Amount   0                   1                    2                  3                                              Sub-score
  None             Light               Moderate             Heavy                                                             
  Tissue Type      0                   1                    2                  3                 4                            Sub-score
  Closed           Epithelial Tissue   Granulation Tissue   Slough             Necrotic Tissue                                
  .                .                   .                    .                  .                 .                .           Total Score
  ---------------- ------------------- -------------------- ------------------ ----------------- ---------------- ----------- -------------

###### 

Comparing the effects of variables in two groups in days 7, 14, 21, and 28

  Group          day     day     Variable                                                   
  -------------- ------- ------- ---------- ------- ------- ------- ------- ------- ------- -------
  Intervention   7       14      1.24       0.001   0.54    0.005   0.72    0.001   2.5     0.001
  21             2.30    0.001   0.97       0.001   1.1     0.001   4.33    0.001           
  28             2.96    0.001   1.09       0.001   1.23    0.001   5.33    0.001           
  14             21      0.96    0.001      0.43    0.001   0.38    0.004   1.84    0.001   
  28             1.62    0.001   0.55       0.001   0.5     0.010   2.74    0.001           
  21             28      0.65    0.002      0.12    0.999   0.128   0.999   0.89    0.002   
  Control        7       14      0.395      0.374   0.05    0.999   0.12    0.999   0.44    0.999
  21             0.76    0.074   0.32       0.240   0.26    0.5     1.40    0.070           
  28             1.44    0.001   0.67       0.001   0.77    0.001   2.90    0.001           
  14             21      0.365   0.387      0.26    0.079   0.38    0.003   0.95    0.020   
  28             1.012   0.003   0.61       0.001   0.89    0.001   0.44    0.001           
  21             28      0.646   0.002      0.3     0.003   0.5     0.001   1.50    0.001   
